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Screening and monitoring activities have their place in the prevention of workplace and environ-
mental disease and injury. Testing, while still relatively nonspecific at this time, can be appropri-
ately used in such prevention activities. Unfortunately, such information can also be misused or
even put to malevolent purpose, and this complicates the moral and ethical aspects of such
testing. With advances in molecular biology, one can anticipate more refined and individualized
testing in the future. Environ Health Perspect 1 04(Suppl 3):659-662 (1996)
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Introduction
The field ofoccupational and environmen-
tal medicine has its roots firmly grounded
in prevention, and the true rationale for
this field is to reduce illness and injury
among working and environmentally
exposed populations. This naturally raises
the question about a screening or monitor-
ing program having a role toward this end.
It clearly appears that there is such a role
and that workers and specially exposed
populations should be screened and moni-
tored. This simple answer comes with
several important caveats, however.
For the purposes of this discussion, I
propose that screening is an undertaking
that precedes potential exposures, and
monitoring, as a rule, follows such expo-
sures. The rationale for using various test
methods is beyond the scope ofthis discus-
sion but is well reviewed elsewhere (1).
Testing for screening/monitoring examina-
tions should meet all of the appropriate
requirements of good screening tests.
Simplistically, what should be kept in
mind are such concepts as sensitivity and
specificity, the invasiveness of test proce-
dures, the cost of test procedures, and the
ability to change outcomes based upon the
data collected.
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Operating within these guidelines, we
ask: What is the rationale for the screening
or monitoring of workers? In terms of
screening, which should best be done prior
to the onset ofspecific activities, there are
several fundamental principles that should
be operative.
First, screening activities can be under-
taken to determine ifa worker has the suit-
able physical characteristics to undertake a
particular job. Given the current climate in
countries like the United States, with the
relatively recently enacted Americans with
Disabilities Act (2), the basic operative
premise is that virtually every individual
should be physically able to do most jobs,
where the job should be modified in such a
way as to allow even those with significant
disabilities to undertake certain kinds of
work. More and more companies are doing
individual job task analysis and taking nec-
essary steps to accommodate virtually any
member of the workforce by either
redesigning the job, adding auxiliary equip-
ment to assist in the performance ofa job,
or making necessary accommodations for
those with significant handicaps. Presum-
ably, almost all individuals who are poten-
tially employable should be able to enter
the workforce.
Screening can also be undertaken to
determine if an individual is in a position
to appropriately use protective equipment
that may be required with a particular job.
While the use ofpersonal protective equip-
ment is among the least desirable forms of
workplace protection, compared with job
reengineering, substitution ofless hazardous
materials, and other approaches, there
continue to be jobs that require the use of
certain protective equipment. Screening
examinations will determine the suitability
for individuals to use such equipment. Job
modifications may be necessary to obviate
the need for utilizing such equipment;
however, some forms ofwork will always
require the use of some protective gear if
humans are to continue to do such work.
Welding is such an example, and not all
welding operations will lend themselves to
the use ofautomated equipment.
The other major purpose for which
workers should be screened, and perhaps
continuously monitored, is primary or sec-
ondary prevention activities. Primary pre-
vention refers to the total prevention ofa
problem; secondary prevention refers to
mitigating the effects ofa problem when it
develops or identifying a disease very early
in its time course in order to affect future
outcome. In workplace settings, the princi-
ples of industrial hygiene govern the pro-
tection ofworkers in terms of removal of
hazards, barriers that prevent workers from
becoming exposed to hazards, using (via
substitution) less hazardous materials, or
the use of protective equipment as a last
resort. Other types of administrative con-
trol measures may also be taken such as job
rotation. No matter how good an indus-
trial hygiene program may be, the ultimate
test of its success is the monitoring of
workers to see that the intended protective
measures are actually functioning as
planned. The initial screening ofworkers,
ideally done before the first potentially
injurious exposure, is intended to establish
a baseline against which future change can
be measured. Some common baseline mea-
surements with potential usefulness are
chest X rays, pulmonary function testing,
and various blood tests. More specialized
testing such as red blood cell cholinesterase
levels requires specimens to be taken before
exposure to pesticides because individual
variability is great and the most useful mea-
sure is change from any given individual's
baseline level.
Monitoring is essentially the same activ-
ity undertaken on a periodic basis after the
onset of exposure. Clinical judgments are
needed to decide the types and frequency
ofsuch testing.
Testing Modalities
Comments have been made about the basic
principles that are to be employed in the
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use of screening and monitoring tests. It
should be noted, however, that most ofthe
tests currently used are of a very general
nature and are not specific, in many cases,
for the diseases being monitored. Some
tests are especially general in their ability to
identify workplace-related diseases, e.g.,
routine blood chemistries and other rou-
tine blood tests such as complete blood
counts. There are many potential reasons
for abnormalities in such routine testing,
and such standard blood tests, along with
standard urinary analysis, are extremely
crude indicators of potential development
ofworkplace or environmentally related
disease. For some diseases, ongoing moni-
toring will only detect significant change
when permanent damage has already been
done, e.g., doing chest X rays for the pres-
ence or absence ofpneumoconiosis. This is
in contrast to screening for hearing loss,
which can be detected at an early stage
with little ifany clinical significance; with
appropriate measures and education,
further damage can be prevented.
An important potential use for the
results from monitoring examinations is in
worker education. For those conditions
where change is gradual over time, such as
decrement in pulmonary function or hear-
ing loss, the results of periodic examina-
tions can be used by a health professional
to educate workers and perhaps to effect
behavioral change. This may also carry
over into the area ofpersonal lifestyle issues
such as smoking or diet, which while unre-
lated to employment are still part of the
preventive oversight ofa health professional
interacting with aworker.
Increasingly, tests are being devised that
focus more critically on specific outcome
problems or that can identify specific indi-
viduals at increased risks. For many poten-
tially hazardous exposures, science has not
moved beyond a very general predictive
stage in which generalities about percent-
ages of populations can be identified as
ultimately suffering the ill effects of a par-
ticular exposure but have little ifany ability
to identify specific individuals at highest
risk. Recognition of this approach is
embodied in the standard-setting process
used by most countries. In setting allow-
able workplace levels of exposure, we
recognize that most workers, even over a
working lifetime at these designated expo-
sure levels, will not suffer any apparent
disease, but in no way can we assume that
all workers will be protected or be exposed
at allowable levels that will not cause some
ill effect.
Ethical problems begin to develop
because specific individuals may be identi-
fied as being at special risk for future devel-
opment of disease. To some extent, this
might be considered a disability or poten-
tial disability and be covered by such legal
protections as are offered by the Americans
with Disabilities Act (2), but this matter
certainly is unclear at this time. Certain
diseases appear to affect various ethnic or
racial groups differently, and these issues
have led to concerns about potentially
racist policy. Issues ofgender may also lead
to such potential difficulties.
Environmentally Related
Monitoring
While there are a number of compounds
and circumstances in which nonoccupa-
tional exposures rival the levels ofworkplace
exposure (asbestos, lead, etc.), generally,
environmental levels ofexposure are much
lower than would be encountered in the
workplace, and routes of exposure may
differ significantly as well. Ifwater supplies
or vegetation become contaminated, inges-
tion may replace inhalation as a major
route ofentry. Can we justify monitoring
examinations among environmentally
exposed individuals?
There appears to be a fundamental
difference in the approach to monitoring
among environmentally exposed popula-
tions compared to the usual manner by
which monitoring is adopted in workplace
settings. In the workplace, monitoring
programs are established based upon
known hazards following exposure. Among
environmentally exposed groups, the expo-
sures may be different; even if the expo-
sures are the same as those that exist in the
workplace, there may be issues oflevels of
exposure that carry with them much less
scientific certainty than is commonly
encountered in workplace settings. The
uncertainties associated with environmen-
tal exposures, coupled with generally lower
levels ofexposure, call into play different
rationales in making judgments about the
appropriateness ofmonitoring among such
populations and require a great deal more
judgment because ofthese uncertainties.
The concept of threshold is widely
accepted for many nonmalignant condi-
tions in which a given level of exposure
must be reached before we expect to see
clinical effects. This does not generally
apply to the matter ofexposure to carcino-
gens in which, at least theoretically, any
exposure raises the riskofdeveloping malig-
nancy following the classic dose-response
curve. In such matters, we must make
increasingly fine judgments regarding the
true expectations of increased risks, the
likelihood of finding such a risk, or our
ability to truly document that a particular
outcome was caused by a particular expo-
sure. It should also be recognized that,
while there are often few measurements
available from workplace exposures, it is
almost never the case that we can docu-
ment the levels ofexposure following envi-
ronmental contamination with any degree
of accuracy. Appropriate judgments must
then be made with regard to expected
levels of exposure and the expectation of
the appropriateness of monitoring any
given group based upon the size of the
population, likely dose received, and other
factors. By way ofgeneral principle, the
value ofsome monitoring programs clearly
increases with longstanding high-level
exposures. The diseases that best lend
themselves to such screening include sev-
eral malignancies, but we then have the
difficulty in making judgments regarding
the expected background level in a given
population for certain cancers and the like-
lihood ofa statistically significant increase
developing in that group.
It seems most ethically appropriate and
correct to undertake monitoring in groups
in which we can reasonably expect to
answer true questions of science when a
great deal ofuncertainty exists. Other more
usual factors that apply to occupational
groups would also apply ifwe could under-
take prevention or alter the expected
outcome ofdisease. Sometimes the moni-
toring assessments should not be entirely
based on individuals, as in the case of
childhood lead poisoning when assessment
of housing units is as important, if not
more so, than the actual measurement of
lead levels in children.
This then raises other issues with regard
to unintended environmental exposures,
creating conditions by which individuals are
not put atspecial risks. Forexample, the risk
ofpesticide exposure to children ofmigrant
farm workers is increased because of the
social setting that often requires parents to
take even young children to the workplace
with them. The absence of clean and safe
environments for children while parents
work also puts children at unnecessary risks
for illness.
Inappropriate Screening/
Monitoring Activities
As scientific information accumulates,
appropriate practices must now be evaluated
Environmental Health Perspectives * Vol 104, Supplement 3 * May 1996 660SCIENTIFIC AND ETHICAL ASPECTS OF HUMAN MONITORING
in the light of new information. While
the basic concept of screening or moni-
toring ofworkers may be sound, inappro-
priate use of these approaches has been
documented.
An example of inappropriate but still
utilized screening includes back X rays to
predict which workers are at special risk for
back injuries. This type of screening is
illegal if it is used to keep workers from
employment; it also has no proven utility
and should be shunned. However, occupa-
tional physicians have been faced with the
issue ofa company insisting on such evalu-
ations in spite of being shown appropriate
medical data that point to their disutility.
Chest X rays, either for screening for lung
cancer or for routine screening upon hospi-
tal admission, are similarly inappropriate
and yield little useful information.
Other examples of screening or moni-
toring activities that are considered inap-
propriate are routine electrocardiograms
for young healthy workers with no history
of heart disease or routine preplacement
HIV testing. By contrast, the concept of
drug screening of newly hired workers is
protected by law and has both social and
practical utility. In addition, an ongoing
drug screening program that is either truly
random or all-inclusive for every employee
in a company is useful for some appropriate
groups ofworkers.
Malevolent Uses
of Screening
Unfortunately, the malevolent use of
science goes beyond poor or truly unin-
formed judgment. Several such examples
will suffice to illustrate the point.
Some years ago, dibromochloropropane
(DBCP) was shown to be capable of pro-
ducing sterility and, later, permanent steril-
ity (3,4). A senior corporate executive
initially responded that an appropriate
reaction to this information would be to
hire into production facilities for this
chemical only men who had already had all
the children they wished to so sterility
would not be of concern. This executive
ignored the also well-documented issue of
carcinogenicity ofthis compound.
The history of lead exposure in the
workplace has also led to abusive practices.
In the Johnson Controls case (5), it was
pointed out that it was inappropriate to bar
women ofreproductive age from the work-
place where they might be exposed to inap-
propriate levels oflead with regard to fetal
development. Ultimately, a case decided in
the Supreme Court of the United States
found that barring women from such work
areas or requiring them to undergo steril-
ization surgery were inappropriate ways of
dealing with this issue. The court affirmed
the simple principle that should guide
activities in every setting: workplaces
should be made safe.
Similarly, knowledge about lead poi-
soning has given rise to the inappropriate
use of chelating agents in the workplace.
While chelating agents have their appropri-
ate role in the treatment of heavy metal
poisoning, the routine use of such agents
among an employed workforce to con-
stantly lower blood lead levels is a practice
to be abhorred.
The failures ofprevention in the work-
place in the past have been documented
elsewhere and the additional issue of revi-
sionist science has also been addressed (6).
Certain documents and scientific papers
are examples of the inappropriate use of
science to put forward a position that is
inherently dangerous to worker health and
even to those who might be environmen-
tally exposed. The area of asbestos-related
disease provides such examples (7-9).
Exportation of Hazards
Past practice in the United States, when
there were no federal regulations control-
ling workplace exposures, led to the prac-
tice of movement of industries from state
to state to take advantage of more permis-
sive workplace exposure levels. This mir-
rored the practice ofmoving to have lower
prevailing wages or less stringent environ-
mental regulations as well. With the advent
of federal rules that apply equally to all
states, this practice of moving hazardous
industries has declined.
However, we now can document the
transfer of hazardous industries to less
developed parts of the world, and this is
mirrored in other ways (10). Pesticide use
highlights this practice; pesticides banned
for use in the United States are still being
made there but are shipped elsewhere for
use. Additionally, one of the greatest out-
rages of modern times is the peddling
of tobacco products in new markets out-
side of the United States to replace lost
American revenues. All of these practices
raise serious ethical issues and are deeply
entwined in matters offinance and politics,
not to mention morality and ethics.
The Future of Worker and
Environmental Monitoring
It is likely that workplace and environmental
exposures will result in continued monitor-
ing activities ofappropriate groups. While
for the immediate future the crude, non-
specific testing that has been used in the
past will continue to be used, we can
clearly anticipate that, with the develop-
ments and refinements in the world of
molecular biology, new markers leading to
new tests that can further protect workers
will be developed. We must be aware of
the ways in which such information can be
misused, as noted above, and we must
think clearly about the various implica-
tions. These implications include the
manner in which such refined testing may
lead to the level ofaccurate individual sus-
ceptibility testing and how this should be
dealt with rather than being used to
exclude people from the workforce. While
the current state-of-the-art method of
applying molecular biology to the work-
place is still relatively crude, we should
not be discouraged by this; we should
look forward to the advancement of sci-
ence that has for generations characterized
such intellectual pursuits.
Ultimately, the goal of testing is really
quite simple. The results of monitoring
activities should be used to include people
in workplaces; the ultimate goal should be
the development of safe and healthful
workplaces for all rather than using moni-
toring to exclude workers, transfer haz-
ardous industries, or in any way keep any
given individual from employment.
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